Introduction.?Many attempts have been made to produce glomerulo-nephritis in animals, in the hope that its etiology and pathogenesis could be clarified. Most of these have been failures ; reviews of the work are available (Patrassi, 1932 ; Masugi and Sato, 1934 ; McCann, 1940 ).
Masugi's (i934> 193 5> *936) method is the only one which has been confirmed (Hemprich, 1935; Arnott et al., 1936; Koranyi et al., 1936 ; Weiss, 1936 ; Ehrich, 1936 ? Tsuji, 1937 Smadel, 1936 Smadel, , 1937  Moers, 1939 ; Sarre, 1939;  Kay, 1940#, b,c\ Buchholz, 1940 ; it is an experiment in reversed passive anaphylaxis. The antigen employed is ground and washed kidney from rabbits or rats (Smadel, 1936) ; several intraperitoneal injections are given to a duck (or rabbit). After 25 to 100 days the duck serum, now containing more or less specific antibodies against rabbit kidney, is injected intravenously into rabbits in amounts of from I 2 c.c. After 6 to 8 days the rabbit develops a clinical and histological picture very like that of glomerulo-nephritis in man. This finding led Masugi and others to conclude that glomerulo-nephritis in man is an allergic manifestation, an opinion advanced on clinical grounds by Schick (1907) and v. Pirquet (1911) thirty years ago, and by other clinicians later.
There are, however, two difficulties in accepting this hyp0' thesis. The first, noted only recently by , depends on the fact that all reactions between antigens and antibodies occur immediately after bringing them together. This has been proved for the Masugi method by Sarre (1939) -This observer injected the anti-kidney serum directly into one renal artery, while the circulation of the other kidney was interrupted for about 15 minutes. Nephritis developed only in the kidney receiving anti-kidney serum, and he concluded that fixation of antibodies took place in the kidney within 15 minutes. This makes it the more difficult to explain the delay of 6 to 322 8 days in the appearance of clinical and histological changes. Kay suggested the following explanation. The prepared duck's serum contains normal serum proteins as well as specific antibodies ; the latter are immediately fixed by the kidneys (which can be shown also by perfusing the isolated kidney), after which the serum loses its nephrotoxic property. The fixation results in a linkage harmless for the rabbit. 1 he normal serum proteins, however, act as antigen and the antibodies produced by the rabbit against them react not only with them but also with the specific anti-kidney bodies fixed in the kidney. This second reaction accounts for the development of nephritis after an interval. On the other hand, Kay s hypothesis does not explain the occurrence of nephrotoxic nephritis observed by Smadel (1936) in the rat after 24 to 48 hours, an interval much too brief for the production of anti-
bodies.
The second difficulty concerns the organ-specificity of the Eppinger (1936 Eppinger ( , 1937 assigned to this so-called serous inflammation an important place in the pathogenesis of many diseases, and Moon (1940) has reviewed the whole question of increased capillary permeability. Eppinger and his collaborators tried and failed to isolate and purify the substance or substances responsible for increased permeability ; and therefore they investigated the effect on the walls of capillaries of various chemical and biological substances (see Kaunitz, 1937 and Roller, 1937) , with some of which they could produce a picture very like that of acute serous inflammation.
Based on the theories and methods of R. Keller (1928 Keller ( , 1932 Keller ( , 1933 ) the writer devised a sensitive experimental method by which the actual increase of permeability could be directly observed. By its use it could be shown (Schober, 1937) that serum, or ultraflltrates of serum, increased capillary permeability, among others, in four cases of acute glomerulo-nephritis and two cases of subacute nephritis of the nephrotic type-The demonstration, in the serum of nephritics, of substances which increase capillary permeability places the possibility the production of nephritis by the use of nephrotoxic sera in a new light. Thus Masugi's method would be successful because it produces a serous inflammation of the glomerular capillaries-Instead of classifying all cases of glomerulo-nephritis in man as allergic, it would be necessary to limit this conception to a very few, and to consider that in all cases increased capillar permeability is the first and most important pathological change.
As yet it has not been determined whether the capillaries affected are only or mainly those of the glomeruli.
If this hypothesis is correct it should be possible to produce glomerulo-nephritis in animals with the substances responsible for it in man.
Three years ago the necessary experiments were started on a preliminary basis in Prague, but owing to external conditions could not be continued until a year ago.
Methods.?For the experiments recorded in this paper rats alone were used. Most of the rats were infected with Klossiella muris, a protozoon first described and named by Smith (1901) .
order to avoid using infected animals, the source of supply was changed several times, and the animals were of different strains, sex and age> none of the adults being very old.
Plasma or serum for the experiments was obtained from the venous blood of nephritic patients under investigation, the amount ?f blood withdrawn varying from 10 to 50 c.c. About 10 c.c. of plasma or serum were used for one animal, all injections being subcutaneous.
Since previous experiments suggested that the active principle is not connected with plasma proteins, the proteins were removed in later experiments, chiefly by ultrafiltration, in order to avoid interference and alteration. The filters were made from a 5 per cent, solution of collodion in glacial acetic acid. As it was impossible to obtain porous bulbs sufficiently small for filtering only a few c.c. of liquid, filtering crucibles of the Gooch type were used, *5 c.c. size, made by Schott and Gen., Jena. These are fitted into a collecting tube by means of a rubber ring ; the collecting tube has a sidearm for the negative pressure (about 20 lb. per square inch), and an outlet to which a short piece of rubber tubing is fitted, closed by a clamp. The crucible is thoroughly cleaned and washed with distilled water for half an hour, after which a few cubic centimetres ?f the collodion solution are poured in. After one minute of suction the crucible is disconnected from the collecting tube. Before precipitating the collodion it is necessary to see that it covers the walls ?f the crucible ; this is done by slowly turning the crucible upside down ; when the walls are completely covered the crucible is immersed in cold water. The collodion membrane so made is a cast of the crucible. Before use the filter is left in a vessel for twenty-four hours in cold running water ; a few drops of chloroform are added to the vessel to prevent development of bacteria. Plasma or serum s? filtered gives no reaction to sulpho-salicylic acid, the boiling test, 0r heat coagulation (Andrews et a!., 1929) . In some cases the concentrated proteins of the filtration residue were used as controls, before filtering it is necessary to clean the collodion membrane by sucking through distilled water for half an hour. Filtration of plasma ?r serum comes to a standstill after two to four hours, when the osmotic pressure of the concentrated proteins equals the negative Pressure used for filtration.
In general the material for the injections was used on the same day on which the blood was obtained, as previous experiments (Schober, 1937) suggested that the active principle diminishes (possibly by enzyme action) if it has stood for too long a time. As the proteinfree filtrates were sometimes required for other experiments, it was Necessary to precipitate the serum or plasma, but the commonly used Precipitation methods have two drawbacks for the present purpose.
Firstly, the large quantity in which the precipitating agent is added obscures results ; secondly, the dilution has sometimes to be done as often as three times, thus producing a quantity of fluid much too Sreat for subcutaneous injection into a rat. Use was therefore made of ferric chloride, which, in common with other heavy ions, precipitates proteins in great dilutions. The precipitate goes into solution again on adding more of the same ion. Thomas and Norris (1925) report that a 0-16 mol solution of ferric chloride precipitates an 8 per cent, solution of proteins. Preliminary experiments showed that plasma or serum were best precipitated by adding to them an equal volume of 0-65 per cent, of ferric chloride. Merck's purest charcoal and/or glycerin have sometimes been added to slow down the resorption of the injected material.
The rats were kept in separate cages and fed with biscuits, milk and water ; if they did not die after injection, they were killed with chloroform after varying periods from one to four weeks ; specimens of tissues were fixed in Helly's fluid, and one-half kidney was fixed in Jores' fluid for frozen sections. Sections were stained with hsematoxylin-eosin, Heidenhain's azan, and Goldner's (1938) modification of Masson's stain.
No systematic observations have been made on blood-pressure, blood-nitrogen or urine.
There are several reports on Klossiella muris and its effect on the infected animal (Seidelin, 1914 ; Pearce, 1916 ; Pettit, 1916 ; Maisin, 1923 ; Bonne, 1925; Cannarella, 1931) . The schizogonic stage develops in the endothelial cells of all organs (Bonne', 1925) , and the sporozoic stage in the convoluted tubules. Smith and Johnson (1901) describe the pathological effect of the latter as follows : The growth of the sporoblast mainly produces mechanical pressure on the epithelium of the tubules, which becomes flat and atrophic ; there is no inflammatory reaction ; the surface of the kidneys shows grey spots, which correspond to necrotic changes followed by cell infiltration ; this cell infiltration is also present around the larger vessels. These observers believe such focal changes to be due to Klossiella. Pettit (1916) stated that pathological changes in infected animals are very few, and that there is no inflammatory reaction or sclerosis. Kuczynski (1920) , who used heavily infected mice for his experiments on glomerulonephritis, states explicitly that Klossiella does not affect the glomeruli, but that it is the cause of intertubular sclerosis. Cannarella (1931) describes interstitial infiltration, and believes that sclerosis may follow, especially if another lesion is present to facilitate its formation. He also records the opinion of several other authors, who believe that the only effects of Klossiella on its host result from mechanical pressure. Unfortunately most of the animals examined appear to have been used for research work on cancer or nephritis.
Experience gained in the present investigation goes to confirm that animals appear to be quite healthy even when heavily infected with Klossiella. In rats which were killed without having been used for any experiment, except for atrophic changes in the tubular epithelium the only abnormality found was interstitial infiltration round the larger vessels and between the tubules ; changes were not observed in the glomeruli. Infection with Klossiella does not appear to be rare, as they can be seen in several published microphotographs showing the kidneys of small animals. Infection with Klossiella, although annoying, does not appear to have interfered in the experimental results, as will be seen later.
Results.?The results of the experiments are given in the table below. For illustrative purposes, however, the following three cases are quoted in detail.
i. E. F., a shop assistant aged 16, gave a history of measles, diphtheria, and, six years ago, tonsillitis. For a fortnight before admission to hospital she had suffered from increasingly severe headaches, especially in the mornings, and during the same time she noticed swelling of the ankles, which gradually spread to the knees. Her face became puffy beneath the eyes, there was pain in the back in the region of the kidneys, and frequency of micturition. At that time the throat was not sore.
She was admitted to hospital on 25.12.40, and discharged ?n 16.1.41, her case having been diagnosed as one of acute nephritis.
Examination Both rats were killed with chloroform on 6.1.41, that is, ?n the tenth day after injection. Rat No. 22 showed no gross changes in the organs, and no histological changes in the sPleen or liver. Kidney : Klossiella in almost all convoluted tubules ; glomeruli slightly enlarged with a slight increase of nuclei which were swollen and enlarged ; many tufts fixed to bowman's capsule j increase of nuclei (about 50 Pet" cent, above normal) diffused over all tufts and glomeruli ; azan stain sh?wed hyaline masses in some capillaries.
Rat No. 23 showed small petechiae in the lungs ; liver and sPleen slightly cedematous ; kidneys enlarged and oedematous, with many tiny dots of red and grey-white colour. Kidney capillaries, the former being filled with hyaline masses ; some casts in tubules ; fat-stain negative (see Fig. 4 ).
Rat No. 20 showed the mesentery and liver capsule full of charcoal ; no other gross changes. Kidney : slight infection with Klossiella ; glomeruli slightly enlarged ; some tufts fixed to Bowman's capsule ; exudate or red blood corpuscles capsular space ; marked increase and swelling of glomerular cells ; few cell divisions ; basal membrane thickened ; capillaries filled with hyaline masses ; hyaline fibres increased.
Rat No. 21 showed no gross changes. Kidney: infection with Klossiella ; condition of glomeruli similar to that in rat No. 22, except for the absence of hyaline masses and fibres.
3-The following experiment was carried out with plasma from, a case of chronic nephritis. The patient, D. McD., a niiner aged 35, had already received treatment for nephritis in hospital on two occasions. He gave a history of scarlet fever and mumps in childhood, pneumonia three times, and bronchitis in 1939. He had been in good health until two months before his first admission on 29.4.40. At that time he noticed puffiness under the eyes which persisted, also swelling ?f the legs, but no urinary symptoms. For the last three weeks before admission he experienced a feeling of fullness in the chest and breathlessness.
Examination.?30.4.40. Generalised oedema ; blood pressure 140/70, falling later to 105/60 ; albuminuria +-f + to -J-; no blood ; blood urea nitrogen at time of experiment (second admission 20.9.40) 17 mgm. per cent., rising to 40 mgm. Per cent, on 15.11.40; blood cholesterol 160 mgm.; steady decrease of serum-albumin from 4*00 on 30.4.40 to 1 *oo ?n 11.10.40; during the same period the serum-globulin rose from 1 -9 to 2-6. The case was therefore one of chronic nephritis of the nephrotic type, which at the time of the experiment was becoming worse. Oxalated blood was withdrawn on 25.9-4? and ultrafiltrated for two hours. Rat No. 3 was given an Ejection of 0-5 c.c. of ultrafiltrate and 0*5 c.c. of glycerin. was killed on 14.10.40, nineteen days after injection. Rat *^0. 4 received an injection of 1 c.c. of plasma with charcoal and was killed on 21.10.40, twenty-six days after injection.
Rat No. 3 showed enlargement and cedema of liver, spleen and kidneys. Kidney : infection with Klossiella ; glomeruli normal in size with some increase of cells ; no other changes except for fat droplets in the convoluted tubules. ?f the glomerular spaces (see Fig. 5 )- Dunn (1940) gives a description of the earliest changes in acute intracapillary glomerulo-nephritis. For the sake of brevity only nuclear changes are described in the following table. To indicate other changes, especially the occurrence of hyaline fibres, the classification by Dunn is added. The earliest change is a patency of capillaries (grade I). In grade II !n addition a slight nuclear increase occurs. In grade III this increase is definite and hyaline fibres are present. All these changes are striking in grade IV. This classification is also Used in cases of focal damage, and refers then only to the latter.
Discussion.?These results show that it is possible to produce glomerulo-nephritis in animals by the use of plasma, Serum, or ultrafiltrates (free from ordinary high molecular Plasma proteins) obtained from patients suffering from acute 0r chronic glomerulo-nephritis. The changes may be only f?cal, and reports that this may also be the case ln nephrotoxic nephritis if too little or not sufficiently toxic anti-kidney serum is used. When blood from cases of acute nephritis is used the changes are always diffuse, and are fully developed after 4 days (rats Nos. 19, 20, 21) ; but are insignificant when it was from a case of hypertension or albuminuric retinitis of pregnancy.
No specific changes could be
Produced with plasma or serum from patients who were Recovering from an attack of chronic nephritis or who were not ln a progressive stage of chronic glomerulo-nephritis. These results also show the difficulty as compared with nephrotoxic Nephritis. The large amount of serum obtained from a duck allows of many experiments, and its toxicity can therefore be ascertained and taken into account. In the method described, however, the amount of blood available is generally restricted and the toxicity of the serum cannot be ascertained. Moreover, this toxicity appears to depend upon the stage of the disease.
h is unlikely that this glomerulo-nephritis is allergic in ?rigin, firstly because the time for formation of antibodies is tQo short (4 days only) for its full histological development, and secondly because the rat is an unsuitable animal for 33i anaphylactic experiments (Doerr, 1929) . This is also an objection to Kay's new interpretation of the incubation period in nephrotoxic nephritis. Another possible cause is the primary toxicity of serum, which is supposed to depend on coagulation, since plasma is not toxic.
The toxicity, however, is bound to the albuminfraction and is not dialysable, and therefore could not account for all these results, since both plasma and albumin-free ultrafiltrates are active. The same argument applies to the suggestion that the foreign serum is the cause of the nephritic changes.
Acute reactions to foreign serum may result in death. Serum disease in animals does not correspond to that in man. Hatamaka (i939) investigated the influence of normal serum of foreign species, and found slight hepatic damage but no changes in the kidneys. He considers that the foreign globulins constitute the toxic principle. There is, therefore, no evidence to support this hypothesis. Lastly, it may be due to serotoxins, substances formed from normal fresh serum with the help of the so-called " contact substance." This substance may consist of natural or boiled proteins, bacteria, peptones, etc. The reactions occur in vitro.
Serotoxins are produced without using up the contact substance, and the serum must be obtained by coagulation. The reaction of animals to injections of serotoxin is shock, but there was no such reaction in the rats used in the experiments described above. Serotoxins are not dialysable, and cannot satisfactorily account for the results.
It appears, therefore, that the only explanation for the development of experimental glomerulo-nephritis in the rat lies in a toxic principle circulating in the blood-vessels of patients suffering from glomerulo-nephritis. This explanation, however, requires further investigation and corroboration.
The influence of diet in the progress of glomerulo-nephritis m man is well known. Farr and Smadel (1939) report a similar dietetic influence in cases of nephrotoxic nephritis in rats.
Various questions arise as to the role played in nephritis by the products of protein-metabolism, whether they increase capillary permeability, whether they are responsible for the interval between the introduction of nephrotoxic or nephritic serum and the development of nephritis, and of how far other capillaries are affected in glomerulo-nephritis. In order to answer these questions, further study is necessary of what occurs in the interval period, and more direct proof is required of serous inflammation in the glomerular capillaries ; an effort should also be made to isolate and purify the hypothetical substance or substances ; it is hoped later to be able to report further on these points. It is suggested, nevertheless, that the results of these experiments have opened a new way for the production of experimental glomerulo-nephritis which is in closer relationship to the pathogenesis and etiology of glomerulonephritis in man than the method followed by Masugi. Summary.?It has been shown that the subcutaneous injection of plasma, serum or their ultrafiltrates from patients suffering from glomerulo-nephritis produces in the rat histological changes in the kidney similar to diffuse (or sometimes focal) glomerulo-nephritis in man. No such changes occurred when the blood used was obtained from patients suffering from other diseases, or who clinically were recovering from acute nephritis, or were not in a progressive stage of chronic glomerulonephritis.
The possibility of these changes being due to an allergic phenomenon, to the use of foreign serum, to the primary toxicity of serum, or to serotoxins, is discussed, but the results are not satisfactorily explained by any of these hypotheses.
